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(57) ABSTRACT 
In calibration of overlay performance of an immersion 
lithographic apparatus, tWo sets of overlay data are obtained 
from exposures carried out using normal and reversed 
meanders. The tWo data sets can then be used to eliminate 
effects due to Wafer cooling. 
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METHOD OF CALIBRATING A LITHOGRAPHIC 
APPARATUS AND DEVICE MANUFACTURING 

METHOD 

FIELD 

[0001] The present invention relates to a method of cali 
brating a lithographic apparatus and a method for manufac 
turing a device using the calibrated apparatus. 

BACKGROUND 

[0002] A lithographic apparatus is a machine that applies 
a desired pattern onto a substrate, usually onto a target 
portion of the substrate. A lithographic apparatus can be 
used, for example, in the manufacture of integrated circuits 
(ICs). In that instance, a patterning device, Which is alter 
natively referred to as a mask or a reticle, may be used to 
generate a circuit pattern to be formed on an individual layer 
of the IC. This pattern can be transferred onto a target 
portion (e.g. comprising part of, one, or several dies) on a 
substrate (eg a silicon Wafer). Transfer of the pattern is 
typically via imaging onto a layer of radiation-sensitive 
material (resist) provided on the substrate. In general, a 
single substrate Will contain a netWork of adjacent target 
portions that are successively patterned. Known lithographic 
apparatus include so-called steppers, in Which each target 
portion is irradiated by exposing an entire pattern onto the 
target portion at one time, and so-called scanners, in Which 
each target portion is irradiated by scanning the pattern 
through a radiation beam in a given direction (the “scan 
ning”-direction) While synchronously scanning the substrate 
parallel or anti-parallel to this direction. It is also possible to 
transfer the pattern from the patterning device to the sub 
strate by imprinting the pattern onto the substrate. 

[0003] It has been proposed to immerse the substrate in the 
lithographic projection apparatus in a liquid having a rela 
tively high refractive index, eg Water, so as to ?ll a space 
betWeen the ?nal element of the projection system and the 
substrate. The point of this is to enable imaging of smaller 
features since the exposure radiation Will have a shorter 
Wavelength in the liquid. (The effect of the liquid may also 
be regarded as increasing the effective numerical aperture 
(NA) of the system and also increasing the depth of focus.) 
Other immersion liquids have been proposed, including 
Water With solid particles (e.g. quartz) suspended therein. 

[0004] HoWever, submersing the substrate or substrate and 
substrate table in a bath of liquid (see for example United 
States patent U.S. Pat. No. 4,509,852, hereby incorporated 
in its entirety by reference) means that there is a large body 
of liquid that must be accelerated during a scanning expo 
sure. This requires additional or more poWerful motors and 
turbulence in the liquid may lead to undesirable and unpre 
dictable effects. 

[0005] One of the solutions proposed is for a liquid supply 
system to provide liquid on only a localiZed area of the 
substrate and in betWeen the ?nal element of the projection 
system and the substrate (the substrate generally has a larger 
surface area than the ?nal element of the projection system). 
One Way Which has been proposed to arrange for this is 
disclosed in PCT patent application no. WO 99/49504, 
hereby incorporated in its entirety by reference. As illus 
trated in FIGS. 2 and 3, liquid is supplied by at least one inlet 
IN onto the substrate, preferably along the direction of 
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movement of the substrate relative to the ?nal element, and 
is removed by at least one outlet OUT after having passed 
under the projection system. That is, as the substrate is 
scanned beneath the element in a —X direction, liquid is 
supplied at the +X side of the element and taken up at the —X 
side. FIG. 2 shoWs the arrangement schematically in Which 
liquid is supplied via inlet IN and is taken up on the other 
side of the element by outlet OUT Which is connected to a 
loW pressure source. In the illustration of FIG. 2 the liquid 
is supplied along the direction of movement of the substrate 
relative to the ?nal element, though this does not need to be 
the case. Various orientations and numbers of in- and 
out-lets positioned around the ?nal element are possible, one 
example is illustrated in FIG. 3 in Which four sets of an inlet 
With an outlet on either side are provided in a regular pattern 
around the ?nal element. 

[0006] All lithographic apparatus require at least some 
calibration before use and the higher the resolution of the 
apparatus, in general, the more calibration steps Will be 
required to get the best possible performance from the 
apparatus. An important performance measure of a litho 
graphic apparatus is its overlay performance, Which mea 
sures the ability of the apparatus to image a pattern on a 
substrate at a desired position relative to an existing pattern 
on the substrate. Overlay errors may be caused by a variety 
of causes, for example systematic errors in interferometric 
position or displacement measuring systems. To calibrate the 
overlay performance of a lithographic apparatus, a series of 
test structures are printed, normally across the Whole of a 
substrate, and the position of the test structures is measured. 
The test structures may, for example, be alignment markers 
so that their positions can be measured using an alignment 
tool provided in the apparatus, or may be overlay sensitive 
structures, such as box-in-box markers, Whereby overlay 
errors can be directly measured using a knoWn off-line tool. 
The result is a map of overlay errors across the area of a 
substrate Which can be used to calibrate the apparatus, eg 
by using them as offsets When positioning the substrate 
during production exposures. 

SUMMARY 

[0007] HoWever, it has been determined that in an immer 
sion lithography apparatus, that is a lithography apparatus in 
Which at least part of the space betWeen the ?nal element of 
the projection system and the substrate is ?lled With a 
high-refractive index liquid, some overlay errors are caused 
by substrate cooling effects. As such these errors are not only 
dependent on position but also on the history of the test 
exposure sequence. Thus, if overlay errors measured in the 
conventional Way are used to calibrate the apparatus, overlay 
errors Will not be eliminated and may indeed be made Worse. 

[0008] Accordingly, it Would be advantageous, for 
example, to provide an improved method of calibrating a 
lithographic apparatus. 

[0009] According to an aspect of the invention, there is 
provided a method of calibrating a lithographic projection 
apparatus having a projection system, the method compris 
ing: 

[0010] printing a ?rst set of test structures on a substrate, 
the substrate traveling a ?rst course relative to the projection 
system to effect the printing of the ?rst set of test structures; 
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[0011] printing a second set of test structures on a sub 
strate, the substrate traveling a second course relative to the 
projection system to effect the printing of the second set of 
test structures, the second course being different than the 
?rst course; 

[0012] measuring positional errors in the ?rst set of test 
structures to obtain a ?rst set of position error data; 

[0013] measuring positional errors in the second set of test 
structures to obtain a second set of position error data; 

[0014] calculating a third set of position error data from 
the ?rst and second sets of position error data; and 

[0015] calibrating the lithographic projection apparatus 
using the third set of position error data. 

According to an aspect of the invention, there is provided a 
device manufacturing method using a lithographic projec 
tion having a projection system, the method comprising: 

[0016] 
by: 

calibrating the lithographic projection apparatus 

[0017] printing a ?rst set of test structures on a substrate, 
the substrate traveling a ?rst course relative to the projection 
system to effect the printing of the ?rst set of test structures; 

[0018] printing a second set of test structures on a sub 
strate, the substrate traveling a second course relative to the 
projection system to effect the printing of the second set of 
test structures, the second course being different than the 
?rst course; 

[0019] measuring positional errors in the ?rst set of test 
structures to obtain a ?rst set of position error data; 

[0020] measuring positional errors in the second set of test 
structures to obtain a second set of position error data; 

[0021] calculating a third set of position error data from 
the ?rst and second sets of position error data; 

[0022] calibrating the lithographic projection apparatus 
using the third set of position error data; and 

[0023] using the lithographic apparatus to print device 
patterns on substrates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Embodiments of the invention Will noW be 
described, by Way of example only, With reference to the 
accompanying schematic draWings in Which corresponding 
reference symbols indicate corresponding parts, and in 
Which: 

[0025] FIG. 1 depicts a lithographic apparatus usable in an 
embodiment of the invention; 

[0026] FIGS. 2 and 3 depict a conventional liquid supply 
system for use in a lithographic projection apparatus; 

[0027] FIG. 4 depicts another liquid supply system for use 
in a lithographic projection apparatus; 

[0028] FIG. 5 depicts another liquid supply system for use 
in a lithographic projection apparatus; 

[0029] FIG. 6 depicts a ?rst set of overlay error data 
obtained in carrying out an embodiment of the invention; 
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[0030] FIG. 7 depicts a third set of overlay error data 
obtained in carrying out an embodiment of the invention; 

[0031] FIG. 8 depicts a normal meander path; 

[0032] FIG. 9 depicts a meander path traveled in the 
opposite direction; and 

[0033] FIG. 10 is a How chart ofa method according to the 
invention. 

DETAILED DESCRIPTION 

[0034] FIG. 1 schematically depicts a lithographic appa 
ratus usable in an embodiment of the invention. The appa 
ratus comprises: 

[0035] an illumination system (illuminator) IL con?gured 
to condition a radiation beam PB (e.g. UV radiation or DUV 

radiation); 
[0036] a support structure (eg a mask table) MT con 
structed to support a patterning device (e. g. a mask) MA and 
connected to a ?rst positioner PM con?gured to accurately 
position the patterning device in accordance With certain 
parameters; 

[0037] a substrate table (eg a Wafer table) WT con 
structed to hold a substrate (eg a resist-coated Wafer) W and 
connected to a second positioner PW con?gured to accu 
rately position the substrate in accordance With certain 
parameters; and 

[0038] a projection system (eg a refractive projection 
lens system) PL con?gured to project a pattern imparted to 
the radiation beam PB by patterning device MA onto a target 
portion C (e. g. comprising one or more dies) of the substrate 
W. 

[0039] The illumination system may include various types 
of optical components, such as refractive, re?ective, mag 
netic, electromagnetic, electrostatic or other types of optical 
components, or any combination thereof, for directing, 
shaping, or controlling radiation. 

[0040] The support structure supports, i.e. bears the 
Weight of, the patterning device. It holds the patterning 
device in a manner that depends on the orientation of the 
patterning device, the design of the lithographic apparatus, 
and other conditions, such as for example Whether or not the 
patterning device is held in a vacuum environment. The 
support structure can use mechanical, vacuum, electrostatic 
or other clamping techniques to hold the patterning device. 
The support structure may be a frame or a table, for example, 
Which may be ?xed or movable as required. The support 
structure may ensure that the patterning device is at a desired 
position, for example With respect to the projection system. 
Any use of the terms “reticle” or “mask” herein may be 
considered synonymous With the more general term “pat 
terning device.” 

[0041] The term “patteming device” used herein should be 
broadly interpreted as referring to any device that can be 
used to impart a radiation beam With a pattern in its 
cross-section such as to create a pattern in a target portion of 
the substrate. It should be noted that the pattern imparted to 
the radiation beam may not exactly correspond to the desired 
pattern in the target portion of the substrate, for example if 
the pattern includes phase-shifting features or so called 
assist features. Generally, the pattern imparted to the radia 
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tion beam Will correspond to a particular functional layer in 
a device being created in the target portion, such as an 
integrated circuit. 

[0042] The patterning device may be transmissive or 
re?ective. Examples of patterning devices include masks, 
programmable mirror arrays, and programmable LCD pan 
els. Masks are Well knoWn in lithography, and include mask 
types such as binary, alternating phase-shift, and attenuated 
phase-shift, as Well as various hybrid mask types. An 
example of a programmable mirror array employs a matrix 
arrangement of small mirrors, each of Which can be indi 
vidually tilted so as to re?ect an incoming radiation beam in 
different directions. The tilted mirrors impart a pattern in a 
radiation beam Which is re?ected by the mirror matrix. 

[0043] The term “projection system” used herein should 
be broadly interpreted as encompassing any type of projec 
tion system, including refractive, re?ective, catadioptric, 
magnetic, electromagnetic and electrostatic optical systems, 
or any combination thereof, as appropriate for the exposure 
radiation being used, or for other factors such as the use of 
an immersion liquid or the use of a vacuum. Any use of the 
term “projection lens” herein may be considered as synony 
mous With the more general term “projection system”. 

[0044] As here depicted, the apparatus is of a transmissive 
type (e. g. employing a transmissive mask). Alternatively, the 
apparatus may be of a re?ective type (eg employing a 
programmable mirror array of a type as referred to above, or 
employing a re?ective mask). 

[0045] The lithographic apparatus may be of a type having 
tWo (dual stage) or more substrate tables (and/or tWo or more 
mask tables). In such “multiple stage” machines the addi 
tional tables may be used in parallel, or preparatory steps 
may be carried out on one or more tables While one or more 

other tables are being used for exposure. 

[0046] Referring to FIG. 1, the illuminator IL receives a 
radiation beam from a radiation source S0. The source and 
the lithographic apparatus may be separate entities, for 
example When the source is an excimer laser. In such cases, 
the source is not considered to form part of the lithographic 
apparatus and the radiation beam is passed from the source 
S0 to the illuminator IL With the aid of a beam delivery 
system BD comprising, for example, suitable directing mir 
rors and/or a beam expander. In other cases the source may 
be an integral part of the lithographic apparatus, for example 
When the source is a mercury lamp. The source SO and the 
illuminator IL, together With the beam delivery system BD 
if required, may be referred to as a radiation system. 

[0047] The illuminator IL may comprise an adjuster AD 
for adjusting the angular intensity distribution of the radia 
tion beam. Generally, at least the outer and/or inner radial 
extent (commonly referred to as o-outer and o-inner, respec 
tively) of the intensity distribution in a pupil plane of the 
illuminator can be adjusted. In addition, the illuminator IL 
may comprise various other components, such as an inte 
grator IN and a condenser CO. The illuminator may be used 
to condition the radiation beam, to have a desired uniformity 
and intensity distribution in its cross-section. 

[0048] The radiation beam PB is incident on the patterning 
device (e.g., mask MA), Which is held on the support 
structure (e.g., mask table MT), and is patterned by the 
patterning device. Having traversed the mask MA, the 
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radiation beam PB passes through the projection system PL, 
Which focuses the beam onto a target portion C of the 
substrate W. An immersion hood IH, Which is described 
further beloW, supplies immersion liquid to a space betWeen 
the ?nal element of the projection system PL and the 
substrate W. 

[0049] With the aid of the second positioner PW and 
position sensor IF (eg an interferometric device, linear 
encoder or capacitive sensor), the substrate table WT can be 
moved-accurately, e.g. so as to position different target 
portions C in the path of the radiation beam PB. Similarly, 
the ?rst positioner PM and another position sensor (Which is 
not explicitly depicted in FIG. 1) can be used to accurately 
position the mask MA With respect to the path of the 
radiation beam PB, eg after mechanical retrieval from a 
mask library, or during a scan. In general, movement of the 
mask table MT may be realiZed With the aid of a long-stroke 
module (coarse positioning) and a short-stroke module (?ne 
positioning), Which form part of the ?rst positioner PM. 
Similarly, movement of the substrate table WT may be 
realiZed using a long-stroke module and a short-stroke 
module, Which form part of the second positioner PW. In the 
case of a stepper (as opposed to a scanner) the mask table 
MT may be connected to a short-stroke actuator only, or may 
be ?xed. Mask MA and substrate W may be aligned using 
mask alignment marks M1, M2 and substrate alignment 
marks P1, P2. Although the substrate alignment marks as 
illustrated occupy dedicated target portions, they may be 
located in spaces betWeen target portions (these are knoWn 
as scribe-lane alignment marks). Similarly, in situations in 
Which more than one die is provided on the mask MA, the 
mask alignment marks may be located betWeen the dies. 

[0050] The depicted apparatus could be used in at least 
one of the folloWing modes: 

[0051] 1. In step mode, the mask table MT and the 
substrate table WT are kept essentially stationary, While an 
entire pattern imparted to the radiation beam is projected 
onto a target portion C at one time (i.e. a single static 
exposure). The substrate table WT is then shifted in the X 
and/or Y direction so that a different target portion C can be 
exposed. In step mode, the maximum siZe of the exposure 
?eld limits the siZe of the target portion C imaged in a single 
static exposure. 

[0052] 2. In scan mode, the mask table MT and the 
substrate table WT are scanned synchronously While a 
pattern imparted to the radiation beam is projected onto a 
target portion C (i.e. a single dynamic exposure). The 
velocity and direction of the substrate table WT relative to 
the mask table MT may be determined by the (de-)magni 
?cation and image reversal characteristics of the projection 
system PL. In scan mode, the maximum siZe of the exposure 
?eld limits the Width (in the non-scanning direction) of the 
target portion in a single dynamic exposure, Whereas the 
length of the scanning motion determines the height (in the 
scanning direction) of the target portion. 

[0053] 3. In another mode, the mask table MT is kept 
essentially stationary holding a programmable patterning 
device, and the substrate table WT is moved or scanned 
While a pattern imparted to the radiation beam is projected 
onto a target portion C. In this mode, generally a pulsed 
radiation source is employed and the programmable pattem 
ing device is updated as required after each movement of the 
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substrate table WT or in between successive radiation pulses 
during a scan. This mode of operation can be readily applied 
to maskless lithography that utiliZes programmable pattem 
ing device, such as a programmable mirror array of a type 
as referred to above. 

[0054] Combinations and/or variations on the above 
described modes of use or entirely different modes of use 
may also be employed. 

[0055] A further immersion lithography solution With a 
localiZed liquid supply system is shoWn in FIG. 4. Liquid is 
supplied by tWo groove inlets IN on either side of the 
projection system PL and is removed by a plurality of 
discrete outlets OUT arranged radially outWardly of the 
inlets IN. The inlets IN and outlets OUT can be arranged in 
a plate With a hole in its center and through Which the 
projection beam is projected. Liquid is supplied by one 
groove inlet IN on one side of the projection system PL and 
removed by a plurality of discrete outlets OUT on the other 
side of the projection system PL, causing a How of a thin 
?lm of liquid betWeen the projection system PL and the 
substrate W. The choice of Which combination of inlet IN 
and outlets OUT to use can depend on the direction of 
movement of the substrate W (the other combination of inlet 
IN and outlets OUT being inactive). 

[0056] Another immersion lithography solution With a 
localiZed liquid supply system solution Which has been 
proposed is to provide the liquid supply system With a seal 
member Which extends along at least a part of a boundary of 
the space betWeen the ?nal element of the projection system 
and the substrate table. Such a solution is illustrated in FIG. 
5. The seal member is substantially stationary relative to the 
projection system in the XY plane though there may be some 
relative movement in the Z direction (in the direction of the 
optical axis). A seal is formed betWeen the seal member and 
the surface of the substrate. 

[0057] Referring to FIG. 5, reservoir 10 forms a contact 
less seal to the substrate around the image ?eld of the 
projection system so that liquid is con?ned to ?ll a space 
betWeen the substrate surface and the ?nal element of the 
projection system. The reservoir is formed by a seal member 
12 positioned beloW and surrounding the ?nal element of the 
projection system PL. Liquid is brought into the space beloW 
the projection system and Within the seal member 12. The 
seal member 12 extends a little above the ?nal element of the 
projection system and the liquid level rises above the ?nal 
element so that a buffer of liquid is provided. The seal 
member 12 has an inner periphery that at the upper end, in 
an embodiment, closely conforms to the shape of the pro 
jection system or the ?nal element thereof and may, e.g., be 
round. At the bottom, the inner periphery closely conforms 
to the shape of the image ?eld, e.g., rectangular though this 
need not be the case. 

[0058] The liquid is con?ned in the reservoir by a gas seal 
16 betWeen the bottom of the seal member 12 and the 
surface of the substrate W. The gas seal is formed by gas, e.g. 
air or synthetic air but, in an embodiment, N2 or another inert 
gas, provided under pressure via inlet 15 to the gap betWeen 
seal member 12 and substrate and extracted via ?rst outlet 
14. The overpressure on the gas inlet 15, vacuum level on the 
?rst outlet 14 and geometry of the gap are arranged so that 
there is a high-velocity gas ?oW inWards that con?nes the 
liquid. Such a system is disclosed in United States patent 
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application no. US. Ser. No. l0/705,783, hereby incorpo 
rated in its entirety by reference. 

[0059] Some overlay errors of immersion-type litho 
graphic projection apparatus are due to thermal effects, 
especially the cooling of the substrate due to evaporation of 
residual immersion liquid, eg Water, left on a target portion 
after it has been exposed through the immersion liquid. 
These errors are not solely position dependent, as are some 
other systematic overlay errors in lithographic apparatus, but 
also depend on the history of exposures of the substrateithe 
course (path and direction) and speed of the substrate during 
the preceding exposures. 

[0060] This is con?rmed by FIGS. 6 and 7, Which shoW 
experimental data obtained from a ?nite element analysis 
simulating thermal effects. In particular, FIG. 6 depicts 
overlay error data resulting from thermal effects caused by 
the cooling of the substrate due to the passage of the 
substrate under a liquid supply system, especially due to the 
evaporation of residual immersion liquid, eg Water, from 
the substrate after printing of a target portion. The data 
simulates results of carrying out a normal meander scan, as 
depicted in FIG. 8, starting at the bottom left of the Wafer. 
A similar set of data simulating a reversed meander scan 
shoWn in FIG. 9, starting in the top right of the Wafer and 
folloWing the same course in reverse, Was obtained. FIG. 7 
shoWs the result of subtracting these tWo sets of data, from 
Which a signi?cant change can be seen, alloWing identi? 
cation, and hence separate correction, of Wafer cooling 
related overlay errors. 

[0061] From FIG. 7 it can be concluded that by obtaining 
overlay error data from scans carried out in opposite direc 
tions, overlay errors resulting from thermal effects and 
dependent on exposure history can be identi?ed and hence 
separated from other systematic and random errors. Cali 
bration of the apparatus can then be performed using only 
the systematic errors, leading to increased accuracy. 

[0062] A ?owchart of a method according to the invention 
is given in FIG. 10. A ?rst substrate is exposed S1 While 
traveling along a ?rst course With a ?rst set of test structures, 
for example overlay-sensitive markers or markers such as 
alignment markers Whose position can be easily determined, 
and measured S2 to obtain a ?rst set of error data, Which may 
be overlay data or position data that can be processed to 
overlay data. A second set of test structures, preferably 
identical to the ?rst set, is then exposed S3 onto the same or 
a different substrate using a second course different to the 
?rst course, Which Was used to expose the ?rst set of test 
structures. The second set of structures are then measured to 
obtain a second set of error data. 

[0063] In a particular embodiment the ?rst test structures 
are printed in a predetermined orderithe ?rst roW (bottom) 
is printed, e.g., left to right and subsequent roWs are printed 
in alternating directions to form a so-called meander pattern. 
In a scanner, that is a lithographic apparatus in Which each 
target portion is printed Whilst the substrate and pattern are 
scanned relative to the projection lens, successive target 
portions are scanned in opposite directions, due to the need 
to be at full scanning speed at the beginning of each scan and 
to stop and reverse the mask (if used) betWeen target 
portions. Thus an additional back-and-for‘th movement of 
the substrate is superimposed on the meander path. For 
clarity, this movement has been omitted from FIGS. 8 and 9. 
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[0064] For each target portion of the exposure of the 
second set of test structures, the same scanning direction can 
be used as for the corresponding target portion of the ?rst set 
of test structures. This ensures that intra-target portion 
cooling effects are the same, assisting in isolation of the 
global (Whole substrate) cooling effects. Alternatively, the 
scanning direction for each target portion can be reversed 
betWeen the ?rst and second test structures, With or Without 
reversal of the overall meander. Performing multiple sets of 
measurements With various different combinations of 
changes to the exposure order and scan direction can enable 
isolation, and hence compensation for, various different 
forms of local and global cooling effects. 

[0065] The course used for the second set of test structures 
may be opposite in the sense that it folloWs the same path but 
in the opposite direction (time reversal), that it is a mirror 
image of the ?rst course in a plane perpendicular to the 
substrate or that it is a rotation of the ?rst course about an 
axis passing though the center of the substrate, or a combi 
nation of these. The second course should be traveled at the 
same speed as the ?rst course. 

[0066] Exposure and measurement of the ?rst and second 
sets of test structures may take place in either order and 
measurements may be taken in parallel With exposures if the 
measurements are taken using a stand-alone tool or at the 
measurement station of a dual stage apparatus. The ?rst and 
second sets of test structures may be exposed and measured 
a plurality of times on the same or different substrates and 
the results averaged to reduce the effect of random errors. 

[0067] The ?rst and second error data are then processed 
S5 to obtain a third set of error data that can be used in 
calibration S6 of the apparatus before production exposure 
S7 are performed. The processing of the ?rst and second data 
sets to obtain the third data set may be a simple subtraction 
of the tWo data sets or a more complex calculation, depen 
dent on the exact form of the thermal overlay errors 
expected. 

[0068] In European Patent Application No. 032570723, 
the idea of a tWin or dual stage immersion lithography 
apparatus is disclosed. Such an apparatus is provided With 
tWo tables for supporting a substrate. Leveling measure 
ments are carried out With a table at a ?rst position, Without 
immersion liquid, and exposure is carried out With a table at 
a second position, Where immersion liquid is present. Alter 
natively, the apparatus has only one table. 

[0069] Although speci?c reference may be made in this 
text to the use of lithographic apparatus in the manufacture 
of lCs, it should be understood that the lithographic appa 
ratus described herein may have other applications, such as 
the manufacture of integrated optical systems, guidance and 
detection patterns for magnetic domain memories, ?at-panel 
displays, liquid-crystal displays (LCDs), thin-?lm magnetic 
heads, etc. The skilled artisan Will appreciate that, in the 
context of such alternative applications, any use of the terms 
“Wafer” or “die” herein may be considered as synonymous 
With the more general terms “substrate” or “target portion”, 
respectively. The substrate referred to herein may be pro 
cessed, before or after exposure, in for example a track (a 
tool that typically applies a layer of resist to a substrate and 
develops the exposed resist), a metrology tool and/or an 
inspection tool. Where applicable, the disclosure herein may 
be applied to such and other substrate processing tools. 
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Further, the substrate may be processed more than once, for 
example in order to create a multi-layer 1C, so that the term 
substrate used herein may also refer to a substrate that 
already contains multiple processed layers. 

[0070] The terms “radiation” and “beam” used herein 
encompass all types of electromagnetic radiation, including 
ultraviolet (UV) radiation (e.g. having a Wavelength of or 
about 365, 248, 193, 157 or 126 nm). 

[0071] The term “lens”, Where the context alloWs, may 
refer to any one or combination of various types of optical 
components, including refractive and re?ective optical com 
ponents. 

[0072] While speci?c embodiments of the invention have 
been described above, it Will be appreciated that the inven 
tion may be practiced otherWise than as described. For 
example, Where applicable, the invention may take the form 
of a computer program containing one or more sequences of 
machine-readable instructions describing a method as dis 
closed above, or a data storage medium (e.g. semiconductor 
memory, magnetic or optical disk) having such a computer 
program stored therein. 

[0073] The present invention can be applied to any immer 
sion lithography apparatus, in particular, but not exclusively, 
those types mentioned above. The immersion liquid used in 
the apparatus may have different compositions, according to 
the desired properties and the Wavelength of exposure 
radiation used. For an exposure Wavelength of 193 nm, ultra 
pure Water or Water-based compositions may be used and for 
this reason the immersion liquid is sometimes referred to as 
Water and Water-related terms such as hydrophilic, hydro 
phobic, humidity, etc. may be used. HoWever, it is to be 
understood that embodiments of the present invention may 
be used With other types of liquid in Which case such 
Water-related terms should be considered replaced by 
equivalent terms relating to the immersion liquid used. 

[0074] The descriptions above are intended to be illustra 
tive, not limiting. Thus, it Will be apparent to one skilled in 
the art that modi?cations may be made to the invention as 
described Without departing from the scope of the claims set 
out beloW. 

1. A method of calibrating a lithographic projection appa 
ratus having a projection system, the method comprising: 

printing a ?rst set of test structures on a substrate, the 
substrate traveling a ?rst course relative to the projec 
tion system to effect the printing of the ?rst set of test 
structures; 

printing a second set of test structures on a substrate, the 
substrate traveling a second course relative to the 
projection system to effect the printing of the second set 
of test structures, the second course being different than 
the ?rst course; 

measuring positional errors in the ?rst set of test struc 
tures to obtain a ?rst set of position error data; 

measuring positional errors in the second set of test 
structures to obtain a second set of position error data; 

calculating a third set of position error data from the ?rst 
and second sets of position error data; and 
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calibrating the lithographic projection apparatus using the 
third set of position error data. 

2. A method according to claim 1 Wherein the ?rst and 
second test structures are printed in a series of target portions 
arranged in a plurality of roWs on said substrate, 

the ?rst test structures are printed by printing the target 
portions in a predetermined order and the second test 
structures are printed by printing the target portions in 
an order that is the reverse of the predetermined order. 

3. A method according to claim 2 Wherein each target 
portion is printed by scanning the substrate relative to the 
projection system in a respective scan direction, Which may 
dilTer from target portion to target portion, and for each 
target portion the same scan direction is used for printing the 
?rst and second test structures. 

4. A method according to claim 2 Wherein each target 
portion is printed by scanning the substrate relative to the 
projection system in a respective scan direction, Which may 
dilTer from target portion to target portion, and for each 
target portion opposite scan directions are used for printing 
the ?rst and second test structures. 

5. A method according to claim 3 further comprising 
printing a third set of test structures on each of said target 
portions in an order that is the reverse of the predetermined 
order and using respective scanning directions that are 
opposite to the scanning directions used to print the ?rst and 
second set of test structures. 

6. A method according to claim 1 Wherein the ?rst course 
comprises a meander path along Which the ?rst substrate 
travels in a ?rst direction and the second course comprises 
the meander path along Which the second substrate travels in 
a second direction opposite to the ?rst direction. 

7. A method according to claim 1 Wherein the second 
course is substantially the same as a mirror image of the ?rst 
course. 

8. A method according to claim 1 Wherein the second 
course is substantially the same as a rotation by 1800 of the 
?rst course. 

9. A method according to claim 1 Wherein calculating the 
third set of positional error data comprises taking a differ 
ence betWeen the ?rst and second sets of position error data. 

10. Amethod according to claim 1 Wherein the printing of 
the ?rst and second sets of test structures and the measuring 
of positional errors therein are each repeated a plurality of 
times to obtain the ?rst and second sets of positional error 
data. 

11. A method according to claim 1 Wherein the ?rst and 
second test structures are printed on the same substrate. 

12. A method according to claim 1 Wherein the ?rst and 
second test structures are printed on di?cerent substrates. 

13. A method according to claim 1 Wherein the litho 
graphic projection apparatus is of an immersion type. 

14. A method according to claim 1 Wherein the ?rst and 
second sets of positional error data are sets of overlay error 
data. 

15. A device manufacturing method using a lithographic 
projection having a projection system, the method compris 
ing: 

calibrating the lithographic projection apparatus by: 

printing a ?rst set of test structures on a substrate, the 
substrate traveling a ?rst course relative to the pro 
jection system to e?cect the printing of the ?rst set of 
test structures; 
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printing a second set of test structures on a substrate, 
the substrate traveling a second course relative to the 
projection system to e?cect the printing of the second 
set of test structures, the second course being differ 
ent than the ?rst course; 

measuring positional errors in the ?rst set of test 
structures to obtain a ?rst set of position error data; 

measuring positional errors in the second set of test 
structures to obtain a second set of position error 

data; 
calculating a third set of position error data from the 

?rst and second sets of position error data; 

calibrating the lithographic projection apparatus using 
the third set of position error data; and 

using the lithographic apparatus to print device patterns 
on substrates. 

16. A method according to claim 15 Wherein the ?rst and 
second test structures are printed in a series of target portions 
arranged in a plurality of roWs on said substrate, 

the ?rst test structures are printed by printing the target 
portions in a predetermined order and the second test 
structures are printed by printing the target portions in 
an order that is the reverse of the predetermined order. 

17. A method according to claim 16 Wherein each target 
portion is printed by scanning the substrate relative to the 
projection system in a respective scan direction, Which may 
dilTer from target portion to target portion, and for each 
target portion the same scan direction is used for printing the 
?rst and second test structures. 

18. A method according to claim 16 Wherein each target 
portion is printed by scanning the substrate relative to the 
projection system in a respective scan direction, Which may 
dilTer from target portion to target portion, and for each 
target portion opposite scan directions are used for printing 
the ?rst and second test structures. 

19. A method according to claim 17 further comprising 
printing a third set of test structures on each of said target 
portions in an order that is the reverse of the predetermined 
order and using respective scanning directions that are 
opposite to the scanning directions used to print the ?rst and 
second set of test structures. 

20. A method according to claim 15 Wherein calculating 
the third set of positional error data comprises taking a 
di?‘erence betWeen the ?rst and second sets of position error 
data. 

21. A method according to claim 15 Wherein the printing 
of the ?rst and second sets of test structures and the 
measuring of positional errors therein are each repeated a 
plurality of times to obtain the ?rst and second sets of 
positional error data. 

22. A method according to claim 15 Wherein the ?rst and 
second test structures are printed on the same substrate. 

23. A method according to claim 15 Wherein the ?rst and 
second test structures are printed on di?cerent substrates. 

24. A method according to claim 15 Wherein the litho 
graphic projection apparatus is of an immersion type. 

25. A method according to claim 15 Wherein the ?rst and 
second sets of positional error data are sets of overlay error 
data. 


